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[57] ABSTRACT 

Novel photociirable compositions employing the addi- 
tion of thiols to polymers having terminal vinyl-acetal 
functions, products prepared therefrom, and process for 
preparation thereof are disclosed. The cured products 
are films useful in coating floor tile, fabrics, and wooden 
articles. 
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fluoFO, or chloro; n is 0 r 1 and a is a positive number 
PHOTOCURABLE COMPOSITIONS greater than 1. 

The invention also provides a fihn suitable for coating 
This is a divisional of appiicati n Ser. N . 720|S31 a substrate which comprises a cured film formed by 
filed Sept 7, 1976. 3 treating with actinic radiation a lamina comprising a 

^ , polythiol and a polyene derived from a vinyl acetaL 

BACKGROUND OF THE INVENTION xhe mvention further provides an article of manufac- 

This invention relates to the art of *thiol-ene*' cures ture consisting of a sul»trate coated on at least one 
of polymers, that b cure of polymers by radiation in- surface with a film derived by treating a lamina coated 
duced addition of thiol functions to carbon-carbon un- 10 on said surface with actinic radiationi said lamina com- 
saturation. prising a polythiol and a polyene derived from a vinyl 

The basic principles of radiation, induced thiol addi- acetal. 
txon to carbon-carbon unsaturation, particularly tcrmi- The invention still further provides a method for the 
nal unsaturated bonds, in various molecules are re- preparation of an article of manufacture coated on at 
viewed by Griesbaum in AngewandteChemie (Interna- " least one surface with a cured fihn derived from a poly- 
tional Edition), 9, (1970), page 273. thiol and a polyene derived from a vinyl acetal which 

The use of this type of reaction in curing various comprises applying to at least one surface of a substrate 
polymers, including urethane polymers, to form elasto- a lamina comprising a polythiol and a polyene derived 
mcrs and resins is well-known in the art. No polymers from a vinyl acetal: and treating said lamina with actinic 
having vinyl-acetal terminal groups are known to.have 20 radiation. 

been cured using this method. DESCRIPTION OF THE PREFERRED 

SUMMARY OF THE INVENTION EMBODIMENT 

The invention provides a photocurabie composition ^ describing the preparation of the compositions of 
which comprises a polythiol and a polyene derived 25 the invention, reference wiU first be made to the method 
from a vinyl-acetal. of synthesis of a specific embodiment of the polyenes 

The tangible embodiments of this composition aspect derived from a vinyl acetal, namely a 5-ethyl-5-hydroxy 
of the invention possess the inherent applied use charac- methyl-2-vinyl-m-dioxane terminated-toluene-diisocya- 
teristic of being curable to tough fiexible fihns useful as capped hydroxy terminated polyethylene adipate 

coatings for floor tile, fabrics, and wood. ^ bBving approximately 800. equivalent weight of the 

A preferred embodiment of this composition aspect polyester and an NCO content of approximately 3.0% 
resides in the concept of a photocurabie composition as ^^on the terminal group was introduced (I), 
defined hereinabove wherein the polyene is derived 5-ethyl-5-hydroxy methyl-2-vinyl-m-dioxane (II) a 
from vinyH,3Klioiolane, or vinyl- 1.3-dioxane. s;iBr^B material for the preparation of I may be pre- 

Another preferred embodiment resides in the concept " pared from trimethylol propane and acrolein in a reac- 
of a photocurabie composition as defined hereinabove ^ ^f^"^ ") U.S. Pat. No. 

wherein the polythiol is selected from a compound of 3'010,923 for the reaction of a, ^, o-tiiols with acrolem 
the formula Q-<-SH)« wherein mis at least 2 and Q is an for the preparation of vmyl-l,3-dioxolan« 
m valent radical derived by removal of hydrogen from Treatoient of II withan approxmiately SOO equivalent 
terminal or Ting positions of straight, branched chain, or ^ weight hydroxyl ternumited polyethylene ad^^ 
cyclic alkyl ^df from 2 to 20 carijon atoms, benzene, <fPP^ ^^"^^ dusocyanate to an NCO con- 

straight or branched chain alkyl-phenyl, biphenyl, phe- ^"^^^ ^^^^^ f temperature, convemently 90 

nyl-straight, branched chain, or cycUc alkylene-phenyl J- ^ moderate reaction penod, convcmenUy 9-10 
diphenyl-ether, straight, branched chain, or cyclic al- ^, gives i. 

kyl-phcnyl ether, di-stiaight. branched chain, or cyclic ^ P/tS"? " "^^i embodinumt of the oomposi- 
attyl ether, polyphenyl^polyether, polyphenylene- "'"f °^ ""^^^"r I. pentaerythntol etiafas mer- 
polyalkylene-Volyether. polialkylene pSyither. poly- ".Y- f*'"'"' convemenUy te^ 

eter.orcsteiTofpolyoir ' . nont^ an and-ojidant. conyemaiUy 2.6-di-tertiary- 

Still another piefci^red embodiment of this compod- ^ butyM-methyl-phenol. and if desired, a flow control 
tion aspect of the invention resides in the concept rfa ^ "f^ '"w "drf"""" Con>oiatton's UCC L- 

photocurabie composition as hereinabove defined . v , ' , ^ . «- * * 

• . ^, 1 . J r *u r 1 A smtable volatile solvent m sumcient proportion to 

wherm the polyene IS a compound of the formula: j * * • r i- u 

*^ ' ^ adjust viscosity for convenient application may be 

added. Methyl ethyl ketone is a convenient solvent for 

OH HO R (CH2-H) R' 55 this purpose, 

Q.^}l-J!i_x-N-c-0-Y-c^ H-c-c=CH2)^ blended material is appUed in a thin layer or 

I ^ lamina to this substrate to which it is desired to apply the 

(CH2)n'-o coating and any solvent which may be present allowed 

to evaporate. The cast uncured film lamina, is then ex- 

wherein Q' is an a-valent residue derived from a hy- 60 posed to U.V. radiation and cured, 

droxyl terminated polyester, polyether, polyamide, One skilled in the art will recognize that in addition to 

polyester polyether, or polyester-polyamide by removal the specific intermediate 11 illustrated hereinabove, it is 

of hydrogen from the hydroxyl functions; X is a diva- possible to treat acrolein or acrolein substituted in the )3 

lent alkylene, or arylene linking group; Y is a covalent poation with hydrogen, alkyl, halo alkyl, fluoro or 

bond or an alkylene group of from 1 to 20 carbon atoms; 65 chloro with an a. /3, a>-trioI such as glycerol, 1,2,6-hex- 

R is hydrogen, alkyl of 1 to 20 carbon atoms, or haloal- anetriol and the lUce, or an a, y, oKriol such as 1,3,6- 

kyl f 1 to 20 carbon atoms; R' is hydrogen, alkyl of 1 hexanetriol and the like in addition to the trimethylol 

to 20 carbon at ms, haloalkyl of 1 to 20 carbon atoms. propane illustrated or such triols substituted in the )3 or 
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y position with alkyl, or halo alkyl to obtain the vinyl- ylpentylene diisocyanate, 3-ineth6xy-hexamethylene 

m-dioxane or vinyl- 1,3-dioxolane derivatives contein- diisocyanate, octamethylene . diisocyanate, 2,2.4- 

plated as suitable for use iii the invention. Thus any trimethylpentylerie diisocyanate, 3-butoxyhexaniethyT 

1,2,(3 or higher) or 1,3,(5 or higher)triol will be suitable. lene diisocyanate, 1.3-diniethylbenzene diisocyanate, 

Similarly it will be readily apparent tQ one skilled in S 1.4-dimethylbenzene diisocyanate, 1,2-dimethylcy- 

the art that any hydroxy terminated polyester, poly- clphexane diisocyauiate, 1,4-diinethylcycldhexane diiso- 

ether or polyamide may be substituted for the poly- cyanate, 1,4-diethylbenzene diisocyanate, 1,4-dimethyl- 

meric polyethylene adlpate illustrated as a suitable pre- naphthalene diisocyanate, 1,5-dimethylnaphthalene di- 

polymer starting material. isocyanate, cyclohexane-l,3-diisocyanate, cyclohexane- 

Illustrative of suitable prepolymers will be those liq- IQ 1,4 diisocyanate, l-methylcyclphexane-2,47diisocya- 

uid polyesters derived from such polyhydric alcohols nate, l-methylcyclohexane,-2,2-diisocyanate, 1-ethylcy- 

as: ethylene glycol, 1,3-propanediol, 1,2-propanediol, clohexane-2,4-diisocyanate, dicycIohexylmethane-4,4'- 

1.3- butanedioI, 1,4-butanediol, 2,3-butanediol, 1,3-pen- diisocyanate, . dicyclohexyhnethylmethaneT4,4'- 
tanediol, 1,4-pentanediol, 1,5-pentanediol, 2,3-pen- diisocyanate, dicyclohexyldimethylmethane-4.4'- 
tanediol, 2,4-pentanediol, 1,6-hexanedioI. l,5-hex-= 15 diisocyanate,. 2,2-dimethyIdicycl6hexylmethane;4,4--: 
anediol, l,4-hexanedi61, 1,3-hexanediol, 2,3-hexanediol, diisocyanate, 3,3\5,5'-tetramethyldicyclphexyhrie- 

2.4- hexanediol, 2, 5rhexanediol, 1 ,7-heptanediol, 1,5- thane-4,4'-diisocyanate, 4,4'-methy lene-bis(cyclphex- 
heptanediol, 3,5-heptanediol, 1,10-decanediol, para- ylisocyanate)j ethylidene diisocyanate, : 4.4'-diphenyl 
xylene glycol, the bis-03-hydroxyethylether) of hydro- diisocyanate, dianisidirie diisocyanate, 1,5-naphthalene 
quinone, neopentylglycol, glycerin, pentaerythritol, 20 diisocyanate, m-phenylene diisocyanate, isopropylidene 
trimethylolpropane, triethylolethane and the like and bis(phenyl or cyclohexyl isocyanate), U3-cyclopenty- 
polycarboxylic acids such as, for example, adipic acid, lene diisocyanate, 1,2-cyclohexylene diisbbyanate, 1,4- 
oxalic acid, succinic acid, methyl adipic acid, sebacic cyclohexylene . diisocyanate, 4,4',4"-triphenyimethane 
acid, glutaric acid, pimelic acid, azelaic acid, suberic triisocyianate, l,3,5^triisbcyanate benzene, phenylethyl- 
acid, phthalic acid, terephthalic acid; isdphthalic acid, 25 e^e diisocyaiiate, and the like. 

1,2,4-benzene tricarboxylic acici, maleic acid, fuinaric n ^\ in addition .be obvious that the pblythiol com- 
acid, itaconic add, citraconic acid and the like, liquid ponent of the composition of the invention, in addition 
polyamides derived from the reaction between polycar- (q pentaerythritol-teti^s-merdaptoacetate illus^ 
boxylic acids as illustrated hereinabove and polyamines trated. may be thiol analogs of any of the aforemen- 
such as, for example, ethylene diamine, propylene di- 30 ^^^^^^ polyhydroxy compounds or ' of the aforemen- 
amine, butyleiie diamine, pentamethyl«ie diamine, tinned polyhydric polyethers. poly&ters, or pol^am- 
hexamethylene diamine, phenylene diamine, tolylene ides, or polyesteramid^ or the ester produced-by reacr 
diamine, xylylene diamine, 4,4'-diaminoKiiphenylme- ^^^^ of polyalcohols with a thiol substituted car- 
thane, cyclohexylene diamine, naphthylene diamine. boxylic acid. Illustrative of these compounds are ethane 
and the like, or liquid polyester polyamides from poly- 35 dithiol. propane dithiol, l.r-dimereaptodiethyl ether, 
carboxylic acids axid amino alcohols such as ammo bis-(2-mercaptoethyl)-f6rmal.ethylene ^ycol dimercap- 
ethanol, ammo propanpl, amino butanol, and the hke, topropionate and the like. 

also polyesters prepared from lactones such as caprolac- ^j^q^^ compositions of the invention 

tone and the like, polyhydric polyalkylene eOiers such contemplate the optional inclusion, in addition' to the 

as, for example, the condensation products of an alkyl- 40 aforementioned vinyl acetal and poly thiol coihponCTts, 
ene oxide such as ethylene oxide, propylene oxide, bu- ^^^us standard additives well-known tb the art for 
tylene oxid^ amylene oxide and the like ^ylth a suitable purposes of viscosity control, case of .t>i^66c^^g; 

mitiator such as,^%;|iter or any of the polyalcohols, poly- ^^^^^ ^^^^^^ No one or combin^iion of 

anunes, or animp alcohols set foiith herem. ^^^^ particularly essential , to making or u$;iiig the 

In addition .to the toluene <hi^^^ Ulustrated 45 invention, the only real limitation being that they be 

hereinabove it wdl be obvious that the above hydroxy ^^^^^ ^^^^ ^^^^ in the art would expect to 
terminated prepolymer may be end capped with other j^^^^^^^ ^^j^ radiation cure by preferentiaUy 

dusocyai^tes as a connecting link with the hydroxy- absorbing or interfering with the penetration of the 

vmyl-m-dioxanes or hydroxy-vmyl-1 3^ioxolan«L D- curing radiation into the uncured composition. . . 
lustrative of tiiese are. for example, l-^ethoxy phenyl- 50 ^ ^.^ ^^^^^.^ . ^^-^^^ ^^j^^ ^^^^ 

2,4-dus.ocyanate l-methyl-^-methoxyphe^^^^ as a«tone, methylethyl ketone, methanol, ethanol and 

diisocyanate l.ethox3Thenyl-2^^^^ 1.3- ^ anti-oxidants, actinic radiation cure initiatoni 

KSc^^^^^^^^ r ^ ^-P^enon- benzo^^^^ known in 

nTt^; i-isobi^ox^^^^^^ 1^4^^^^^^^^ 55 ^^^rS^e^r^^^^^^^^ 

ShS'n^'' ^^^^ Tkle ^eJin fUm spr^ing sS^h as ^HLth^lS- 

naphthalene-l,4-dusocya^^^ l.l.KimaphAa^^ne-2^2. hydrOTymethyl.2-vinyl-m-dioxane).adipate and the 

diisocyanate, biphenyl-2,4-dusocyanate, 3,3'-dimethyl- uyuiUAyiucmyi ^ viuyi ui-^*iuA*tucr^F*^ auu 

biphenyl.4,4'.diisocyanate^ 3.3'KJimetiioxybiphenyl- ^ ■ ^^ ^ 

4,4'-dusocyanate, diphenylmethane-4,4 -dusocyanate. 60 tw""wme r *i; — c 

diphenyknetha^-2.4'-diiso^yanate, diphenyhnethane- mode contemplated by the mventors for the practice of 

2,2'-diisocyanate. 3,3'-diniethoxy diphenyhnetiiahe-4.4'- mvention. 

diisocyanate, beh20phenone-3,3'-diisocyanate. ethylene EXAMPLE 1 ' - ' . 

diisocyanate. propylene diisocyanate, butylene oiiisocy- _ _ . , c u j ' i 1 1/- i -rk* 

anate;pen^eSedLcyanate.Lthylbutylenediisocya- 65 5-Ethyl.5.Hydroxymethyl-2.V,nyl.m-DK)xane. , 

hale, tetramethylene diisocyanate, pentamethylene di- Following a prpbedure analogous to that disclosed 
isocyanate, hexanethylene diisocyanate. dipropyl diiso- and referenced by Ikeda in U.S. Pat No. 3.010,923 therie 
cyanate ether, heptanethylene diisocyanate, 2.2-dimeth- is obtained from trimethyldl propane and acrolein the 
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title product in 80% yield, B. Pt. (1.75-2.7 ram) 
100*-108' C, nz)25l.4710 

Analysis For: C9H16O3: Calculated C, 62.77; H, 9.36; 
OH No.. 325.7. Found C, 62.17; H. 10.40; OH No.. 316.3 
(Corr.). Acid No. (Found) 0.15. 5 

EXAMPLE 2 

4-Hydroxymethy 1-2- Vinyl- 1 , 3-Dioxolane and 
5-Hydroxy-2-Vinyl-m-Dioxane 

Following a procedure analogous to that referenced 10 
in Example 1 diere is obtained the title products as a 
mixture in 62% yield. B. Pt (13-11 mm) 100*-106' C 
Analysis For: C6H10O3: Calculated: C, 55,37; H, 7.75; 
OH No. 431.1. Found: C. 55.46; H, 6.88; OH No. 423.7 
(Corr.). Acid No. (Found) 0.12. 



in. lamps having a linear power density of 200 watts per 
inch. TTiese compositions also cured slowly on exposure 
to air. 

Properties obtained after U. V. cure as above are: 





A 


B 


Elongattoo (%) 


470 


410 


Teazle Strength (psi) 


1470 


150 


Modulus (psi) 






100% 


90 


45 


200% 


16S 


6S 


300% 


300 


100 


400% 


SOO 





15 

EXAMPLE 3 

Toluene Diisocyanate Terminated Polyethylene 

Adipate End Capped With 
5-Ethyl-5-Hydroxymethyl-2-Vinyl-m-Dioxane 20 

A hydroxyl terminated polyethylene adipate having 
an initial molecular weight of 800 was treated with 
toluene diisocyanate to an NCO content of 2.91%. This 
compound was treated with the product of Example 1 
at an OH/NCO ratio of 1.05 for 9.5 hours at 90* C, in 25 
the presence of 0.02% phenothiazine as a polymeriza- 
tion inhibitor. The final NCO content was 0.53%. 

Unsaturation: (Equivalents/100 g) (By ICI titration, 2 
equivalents equal to 1 mole >C=C<) 

Calculated: 0.13. Found: 0.145. 



EXAMPLE 4 

Toluene Diisocyanate Terminated Polyester End 
Capped With a Mixture of 
4-Hydroxymethyl-2-Vinyl-l , 3-Dioxolane and 
5-Hydroxy-2-Vinyl-m-Dioxane 



30 



35 



Following a procedure analogous to that of Example 
3 treat the toluene diisocyanate terminated polyethyl- 
ene adipate polyester prepared in that Example with the 
product of Example 2 for 6.5 hours at 90° C. to give the 40 
title product. The final NCO content was 0.31%. 

Unsaturation: (ICI titration. equiv./lOO g) 

Calculated: 0.125. Found: 0.145. 



EXAMPLE 5 

Formulations of Vinyl Acetal End Cappeid Polyesters 
and Polythiols and Polymers Thereof 

Formulations of the vinyl acetal end capped product 
of Example 3 and polythiols were prepared as follows: 



45 



50 



Ingredient 



Formulation: 
(Parts by Weight) 
A B 



55 



60 



Vinyl acetal end capped polyester 85 86.2 

Methyl ethyl ketone 62 62 

2,6^-t-butyM methyl-phenol 0.050 0.050 

Pentaerithrytol tetrakis (mercapto acetate) 7 3.S 

CH2(OCH2CHiSH)2 — 3.0 

Benzophenone 1.5 1.5 

UCC L-7602 1 1 
(Union Carbide Corp.-Organa 

Silicone) 



Films of the above formulations were cast as a methyl 
ethyl ketone solution and air dried prior to cure. After 65 
cure, film thickness was 4 mil. Curing was 2 passes at 20 
feet per minute usmg a QC 1202 AN Processor (PPG 
Industries Inc., Radiation Polymer Co.) under two 12 



The subject matter which applicants regard as their 
invention is particularly pointed out and distinctly 
claimed as follows: 

1. A photocurable composition which comprises a 
polythiol and a polyene derived from a vinyl acetal. 

2. A composition as defined in claim 1 wherein the 
vinyl acetal is a vinyl- 1,3-dioxane or a vinyl- 1,3-dioxo- 
lane. 

3. A composition as defined in claim 2 wherein the 
polythiol is selected from a compound of the formula: 
Q-f-SH)m wherein m is at least 2 and Q is an m valent 
radical derived by removal of hydrogen from terminal 
or ring positions of straight, branched chain, or cyclic 
alkyl of from 2 to 20 carbon atoms, straight or branched 
chain alkyl-phenyl, diphenyl, phenyl- straight or 
branched chain alkylene-phenyl, diphenyl ether, 
straight, branched chain, or cyclic alkyl-phenyl ether, 
di-straight or branched chain, or straight or branched 
cham alkyl substituted cyclic alkylether, polypheny- 
lene-polyether, polyphenylene-polyalkylene polyether, 
polyalkylene polyether, polyester, or ester of a polyol. 

4. A composition as deHned in claim 3 wherein the 
polyene is a compound of the formula: 



OH HO R (CH2-)-0 R' 

it I t It 1/ \ I 

Q'-t-C— N— X— N— C— O— Y— C H— C— C=CH2)ir 

<CH2)„-0^ 

wherein Q' is an a valent residue derived from a hy- 
droxyl terminated polyester, polyether, polyamide, 
polyester-polyether, or polyester-polyamide by re- 
moved of hydrogen from the hydroxyl functions; X is a 
divalent alkylene or arylene linking group; Y is a cova- 
lent bond or an alkylene group of 1-20 carbon atom^ R 
is hydrogen, alkyl of 1 to 20 carbon atoms, or haloalkyl 
of 1 to 20 carbon atoms; R' is hydrogen, alkyl of 1 to 20 
carbon atoms, haloalkyl of 1 to 20 carbon atoms, fluoro 
or chloro; n is 0 or 1 and a is a positive number greater 
than 1. 

5. A composition as defmed in claim 4 wherein Q' is 
derived from a hydroxyl terminated polyester. 

6. A composition as defmed in claim 4 wherein the 
polythiol is a thiol terminated polyester, polyether, 
dialky] formal, or ^ter of a polyol. 

7. A composition as defined in claim 5 wherein the 
polythiol is a thiol terminated polyester, polyether, 
dialkyl formal, or ester of a polyol. 

8. A composition as defined in claim 7 wherein the 
thiol terminated ester of a polyl is pentaerythritol tetra- 
kis mercaptoacetate. 

9. A composition as defmed in claim 7 wherein the 
thiol terminated dialky formal is bis-(2-mercaptoethyI)- 
formal. 
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fluoro, or chloro; n is 0 or 1 and a is a positive number 

PHOTOCURABLE COMPOSITIONS greater than 1. 

COMPRISING A POLYTHIOL AND A POLYENE The invention also provides a fihn suitable for coating 

DERIVED FROM A VINYL ACETAL a substrate which comprises a cured film formed by 

^ , 5 treatmg with actinic radiation a lamina comprising a 

BACKGROUND OF THE INVENTION ^^y^^^^ ^nd a polyene derived from a vinyl acetaL 

This invention relates to the art of "thiol-ene" cures The invention further provides an article of manufac* 

of polymers, that is cure of polymers by radiation in- ture consisting of a substrate coated on at least one 

duced addition of thiol functions to carbon-carbon un- surface with a film derived by treating a lamina coated 

saturation. 10 on said surface with actinic radiation, said lamina com- 

The basic principles of radiation induced thiol addi- pnsing a polythipj and a polyene derived from a vinyl 

tion to carbon-carbon unsaturation, particularly tenni- . .„ . 

nal unsaturated bonds, in various molecules are re- ™ mvention still further provides a method for the 

viewed by Griesbaum in Angewandte Chemie Gntema- ^ preparation of an article of numufacture a>ated on at 

tional Edition), 9, (1970), page 273. one surface with a cured film denved from a poly- 

The use of this type of reaction in curing various ^ P° ^P"^ f^^"* ^ IT^' ae^^^which 

polymers, including urethane polymers, to form elasto^ comprises applymg to at least one surface of a substrate 

men and resins is weU-known in the art. No polymers a lamma comprising a polyduol and a polyene denved 

having vinyl-acetal terminal groups are knowi to have ^^tioT ^"^^ 
been cured using this method. 

ciJXMXMAxyv r^c tut: txtt^xiVtokt DESCRIPTION OF THE PREFERRED 

SUMMARY OF THE INVENTION EMBODIMENT 

The invention provid^ a photocurable composition describing the prepartion of the compositions of 

which comprises a polythiol and a polyene denved the invention, reference wiU first be made to the method 

from a vmyl-acetal. of synthesis of a specific embodiment of the polyenes 

The tangible embodiments of this composition aspect derived from a vinyl acetal, namely a 5-ethyl-5-hydroxy 

of the invention possess the inherent applied use charac- methyl-2-vinyl-m-dioxane terminated-toluencKiiisocya- 

teristic of being curable to tough flexible fihns useful as nate capped hydroxy terminated polyethylene adipate 

coatings for floor tUes. fabrics, and wood. 30 having approximately 800 equivalent weight of the 

A preferred embodiment of this composition aspect . polyester and an NCO content of approximately 3.0% 

resides in the concept of a photocurable composition as before the terminal group was introduced (I), 

defined hereinabove wherein the polyene is derived 5-ethyl-5-hydroxy methyl-2-vinyl-m-dioxane (II) a 

from vinyl-l,3-dioxolane, or vinyl- 1,3-dioxane. starting material for the preparation of I may be pre- 

Another preferred embodiment resides in the concept 35 pared from trimethylol propane and acrolein m a reac- 
of a photocurable composition as defined hereinabove tion analogous to that described in U.S. Pat. No. 
wherein the polythiol is selected from a compound of 3,010,923 for the reaction of a, oHtriols with acrolein 
the formula Q-H[SH)i„ wherein m is at least 2 and Q is for the preparation of vinyl- 1,3-dioxolanes. 
an m valent radical derived by removal of hydrogen Treatmentofll with an approximately 800 equivalent 
from terminal or ring positions of straight, branched 40 weight hydroxyl terminated polyethylene adipate poly- 
chain, or cyclic alkyl of from 2 to 20 carbon atoms, ester capped with toluene diisocyanate to an NCX) con- 
benzene, straight or branched chain alkylphenly, biphe- tent of 3.0% at elevated temperature, conveniently 90* 
nyl, phenyl-straight, branched chain, or cyclic alkylene- G., for a moderate reacdon period, conveniently 9-10 
phenyl diphenylether, straight, branched chain, or eye- hours, gives I. 

lie alkyl-phenyl ether, di-straight, branched chain, or ^5 To prepare a specific embodiment of the composi- 

cyclic alkyl ether, polyphenylene-polyether, polyphe- invention, I, pentaerythritol tetrakis mer- 

nylene-polyalkylenepolyether, polyalkylene polyether ^aP^^ acetate, a U.V. initiator, conveniently benzophe- 

polyester, or esters of polyols. ^ anti-oxidant, conveniently 2,6-di-tertiary- 

Still another preferred embodiment of this composi- butyl^methyl-phenol, and. if desired, a flow control 

tion aspect of the invention resides in the concept of a ^0 agent such as Umon Carbide . Corporation's UCC L- 

photocurable composition as hereinabove defined '™ , Vz, , . • « . 

wherein the polyene is a compound of the fonnula: J" ^"^^^"^^ Yf ^^""^^ smacat proportion to 

adjust viscosity for convement apphcation may be 
added. Methyl ethyl ketone is a convenient solvent for 

OH HO R (CH2)-o R' 55 this purpose. 

(y-^c—N—x— N— c— o— Y— c H— c— c=CH2)fl blended material is applied in a thin layer or 

I lamina to the substrate to which it is desired to apply the 

(CH2)ii — O coating and any solvent which may be present allowed 

to evaporate. The cast uncured lamina is then exposed 

wherein Q' is an a-valent residue derived from a hy- 60 to U.V. radition and cured. 

droxyl terminated polyester, polyether, polyamide. One skilled in the art will recognize that in addition to 

polyester polyether, or polyester-polyamide by removal the specific intermediate II illustrated hereinabove, it is 

of hydrogen from the hydroxyl functions; X is a diva- possible to treat acrolein or acrolein substituted in the )3 

lent alkylene, or arylene linking group; Y is a covalent position with hydrogen, alkyl, halo alkyl, fluoro or 

bond or an alkylene group of fiom 1 to 20 carbon atoms; 65 chloro with an a. P, <i>-triol such as glycerol, I A6-hex- 

R is hydrogen, alkyl of 1 to 20 carbon atoms, or haloal- anetriol and the like, or an a, y, eo-triol such as 1,3,6- 

kyl of 1 to 20 carbon atoms; R' is hydrogen, alkyl of 1 hexanetriol and the like in addition to the trimethylol 

to 20 carbon atoms, haloalkyl of 1 to 20 carbon atoms, propane illustrated or such triols substituted m the )3 or 



11/13/2003, EAST Version: 1.4.1 



4,157,421 

3 4 

y position with alkyl, or halo alkyl to obtain the vinyl- cyanate ether, heptanethylene diisocyanate, 2,2-dimeth- 

m-dioxane or vinyl- 1,3-dioxolane derivatives contem- ylpentylene diisocyanate, 3-methoxy-hexamethylene 

plated as suitable for use in the invention. Thus any diisocyanate, octamethylene diisocyanate, 2,2,4- 

1,2,(3 or higher) or 1,3,(5 or higher) triol will be suit- trimethylpentylene diisocyanate, 3-butoxyhexamethy- 

able. 5 lene diisocyanate, 1,3-dimethylbenzene diisocyanate. 

Similarly it will be readily apparent to one skilled in 1,4-dimethylbenzene diisocyanate, 1,2-dimethylcy- 

the art that any hydroxy terminated polyester, poly- clohexane diisocyanate, 1,4-dimethylcyclohexane diiso- 

ether or polyamide may be substitutd for the polymeric cyanate, 1,4-diethylbenzene diisocyanate, 1,4-dimethyl- 

polyethylene adipate illustrted as a suitable prepolymer naphthalene diisocyanate, 1,5-dimethylnaphthalene di- 

starting material. 10 isocyanate, cy clohexane- 1,3-diisocyanate, cyclohexane- 

Illustrative of suitable prepolymers will be those liq- 1,4-diisocyanate, I-methylcycIohexane-2,4-diisocya- 

uid polyesters derived from such polyhydric alcohols nate, l-methylcycIohexane,-2,2-diisocyanate, 1-ethylcy- 

as: ethylene glycol. 1,3-propanediol, 1,2-propanediol, clohexane-2,4-diisocyanate. dicyclohexyhnethane-4,4'- 

1.3- butanediol, 1,4-butanediol, 2,3-butanediol, 1,3-pen- diisocyanate, dicyclohexylmethyhnethane-4,4'Kiiiso- 
tanediol, 1,4-pentanediol, l,S-pentanediol, 2,3-pen- 15 cyanate, dicyclohexyldimethylmethane-4,4'-diisocyan- 
tanediol, 2,4-pentanediol, 1,6-hexanediol, 1,5-hex- ate, 2^2-dimethyldicyclohexylmethane-4,4'-diisocyan- 
anediol, 1,4-hexanediol, 1,3-hexanediol, 2,3-hexanediol, ate, 3,3',5,5'-tetramethyldicylohexylmethane-4,4'diiso- 

2.4- hexanediol, 2,5-hexanedioi, 1,7-heptanediol, 1,5- cyanate, 4,4'-methylene-bis(cyclohexylisocyanate), eth- 
heptanediol, 3,5-heptanediol, 1,10-decanediol, para- ylidene diisocyanate, 4,4'-diphenyl diisocyanate, 
xylene glycol, the bis-03-hydroxyethylether) of hydro- 20 dianisidine diisocyanate, 1,5-naphthalene diisocyanate, 
quinone, neopentylglycol, glycerin, pentaerythritol, m-phenylene diisocyanate, isopropylidene bisftihenyl 
trimethylolpropane, triethylolethane and the like and cyclohexyl isocyanate), 1,3-cyclopentylene diiso- 
polycarboxylic acids such as, for example, adipic acid, cyanate, 1,2-cyclohexylene diisocyanate, 1,4-cyclohex- 
oxalic acid, succinic acid, methyl adipic acid, sebacic yigne diisocyanate, 4,4',4"-triphenyhnethane triiso- 
acid, glutaric acid, pimelic acid, azelaic acid, suberic 25 cyanate, 1,3,5-triisocyanate benzene, phenylethylene 
acid, phthalic acid, terephthalic acid, isophthalic acid, diisocyanate, and the like. 

l,2.4-ben2ene tricarboxylic acid, maleic acid, fumaric jt will in addition be obvious that the polythiol corn- 
acid, itaconic acid, citraconic acid and the like, liquid ^^^^^^ of composition of the invention, in addition 
polyamides derived from the reaction between polycar- the pentaerythritol-tetrakis-mercaptoacetate illus- 
boxylic acids as illustrated heremabove and polyammes 30 jr^ted, may be thiol analogs of any of the aforemen- 
such as, for example, ethylene diamine, propylene di- tioned polyhydroxy compounds or of the aforemen- 
amine, butylene diamine pentameUiylene diamme, tioned polyhydric polyethers. polyesters, or polyam- 
hexamethylene diamine, phenylene diamine, tolylene -^^^^ polyesteramides or the ester produced by reac- 
diamine, xylylene diamine, 4,4 -diajmnoKhphenylme^ polyalcohols with a thiol substituted car- 
th^<^ ocylohexylene diamme. naphthylene diamine, 35 boxylic acid. Dlustrative of these compounds are ethane 
and the like, or hquid polyester polyamides from poly- ^ ^.^^^j l.I'-dimercaptodiethyl ether, 
carboxyhc acids and ammo alcohols such as ammo bis-(2.mercaptoethyl)-fonnal, ethylene glycol dimer- 
ethanol, anuno propanol. ammo butanol, and the hke, captopropionate and the like. 

also polyesters prepared from lactones such as capro- ^ ^^^^ compositions of the invention 

lactone ^d the hke, polyhydric polyalkylene ethers 40 contemplate the optional inclusion, in addition to the 

siu:h as, for example, the «)ndensation products of an aforementioned vinyl acetal and poly thiol components, 

alky lene oxide such as ethylene oxide, propylene oxide. ^^^^^ ^^^^ ^^^^^^ weU-known to the art for 

butylene oxide, amylene oxide and ^^^^^^ the purposes of viscosity control, ease of processing, 

smtable mitiatorsuchas wate^^^^^^^ storage Ability and the like. No one or combination If 

hols, polyammes, or amino alcohols set forth herem^ 45 particularly essential to making or using the 

In addition to the toluene diisocyanate illustrated • ^> % i t- t_ • . 

hereinabove it wiU be obvious that the above hydroxy {"venUon. the only real Imutetaon being that they may 

lici cuiauwv^ w*^ ^Js. vi/riwua luoi «vw "l^z^' bc matcHals which one skil ed m the art would expect to 

teimmated prepolymer may be end capped with other ^ ^ ^ ^j^^ preferentially 

diBocyamites as a connectmg link with the hydroxy- ^ penetLion of the. 

vmyl-m-dioxanes or hydroxy-vinyl-l,3-dioxolanes. II- 50 . * , ^ 

lusirative of these are. for example. 1-methoxyphenyl- cunng radmUon mto the uncured composition. 

2.4HMisocyanate, l-methyllVmethoxyphenyl-W- ^^^"^ addiliv« «a^l mclude volatile solvents s^ 

diisocyanate. l^thoxyphenyl.2.4-diisocyaSate. 1.3- ^ ^eftylethyl ketone, methanol, ethanol and 

dunethoxyphenyM,<MlUsocy4ite. 1,4-dtaiethoxyphe- the lOce, anti-oxidants. actmic radiatton cure mitiators 

ny!-2.5Kli^yanate. l-propoxyphenyl-2,4Kliisocya- 55 ff benzophenones. benzoms and others known in 

nate. l.isobutyoxy.2,4Klii«.cyanate. 1.4Kliethoxyphe. such as the orgamc sili- 

nyl-2.5-diisocyanate. diphenylether-2.4-diisocyanate. *^!'«' ^^^«'y Jo^*™! ^ Prf 

naphthalene-l.-Wiisocyanate, l,l'-dinaphthalene-2,2'- Y"^^ greater ease m Him spreading such as dKS-ethyl-S- 

diisocyanate. biphenyl-2.4Kliisocyanate, 3,3'-dimethyl- Mroxymethyl-2.vmyl-m-dioxane>adipate and the 

biphenyl-4,4'-diisocyanate, 3.3'-dimethoxybiphenyl- 60 , „ • - ...... 

4.4'-diisocyanate, diphenytojethane-4,4'-diisocyanate, foUowing Examples further illustrate the best 

diphenylmethane-2,4'-dusocyanate. diphenyhnethane- mode contemplated by the mventors for the practice of 

2,2'-diisocyanate, 3.3'-dimethoxy diphenylmethane-4.4'- mvenUon. 

diisocyanate, benzophenone-3,3'-diisocyanate. ethylene EXAMPLE 1 

diisocyanate. propylene diisocyanate, butylene diisocy- 65 ci-uicrrj 

anate, pentylene diisocyanate, methylbutylene diisocya- 5-Ethyl-5-Hydroxymethyl-2-Vmyl-m-Dioxane 

nate, tetramethylene <Uisocyanate, pentamethylene di- Following a procedure analogous to that disclosed 

isocyanate. hexanetbylene diisocyanate. dipropyl diiso- and referenced by Ikeda in U.S. PaL No. 3,010,923 there 



11/13/2003, EAST Version: 1.4.1 



4,157,421 

5 6 

is obtained from trimethylol pr pane and acrolein the EXAMPLE 5 

title product in 80% yield, B. Pt. (1.75-2.7 nun) Fonnulations of Vinyl Acetal End Capped Polyesters 

100*-108' C 0X7^1.4710. and Polythiols and Polymers Thereof 

Analysis For: CgHifiCh: Calculated C, 62.^7; H 9.3^ ^ Formulations f the vinyl acetal end capped product 

OH No., 325.7. Found Q 62.17; H, 10.40; OH No.. 316.3 ^^P^^ ^ and polythiols were prepared as follows: 
(Corr.). Add No. (Found) 0. 15. 



EXAMPLE 2 10 Fonnulation: 

(Parts by Weight) 

4-Hydroxymethyl-2-Vinyl-l,3-Dioxolane and Ingredtent • A B 

5-Hydroxy-2-Vinyl-m-Dioxane ' vinyl acctM «d capped p^^^ 85 86.2 

^ ' ' Methyl ethyl ketone 62 62 

FoUowing a procedure analogom to that referenced 15^^^^ 

in Example 1 there is obtained the title products as a CH2(OCH2CH2SH)2 — 3.0 

Benzophenone 1.5 1.5 

mixture in 62% yield, B. Pt (13-1 1 mm) 100'-106* C. ucc L.76Q2 i i 

Analysis For C6H,o03: Calculated: C. 55.37; H. 7.75; Corp.Organo 



20 





A 


B 


HoQgation (%) 


470 


410 


Tensile Strength (psi) 


1470 


150 


Modulus (Psi) 






100% 


(psi) 


45 


200% 


165 


65 


300% 


300 


100 


400% 


500 





OH No. 431.1. Found: C, 55.46; H. 6.88; OH No. 423.7 

(Corr.). Acid No. (Found) 0. 12. Films of the above formulations were cast as a methyl 

ethyl ketone solution and air dried prior to cure. After 

EXAMPLE 3 cure, fUm thickness was 4 mil. Curing was 2 passes at 20 

25 feet per minute using a QC 1202 AN Processor (PPG 

Toluene Diisocyanate Terminated Polyethylene Industries Inc., Radiation Polymer Co.) under two 12 

Adipate End Capped With in. lamps having a linear power density of 200 watts per 

5.Ethyl-5-Hydroxymethyl.2.Vinyl-m.Dioxane ^^^^^ compositions also cured slowly on exposure 

A hydroxyl terminated polyethylene adipate having 30 Properties obtained after U.V. cure as above are: 
an initial molecular weight of 800 was treated with 
toluene diisocyanate to an NCO content of 2.91%. This 
compound was treated with the product of Example 1 
at an OH/NCO ratio of 1.05 for 9.5 hours at 90° C. in 
the presence of 0.02% phenothiazine as a polymeriza- 
tion inhibitor. The final NCO content was 0.53%. 

Unsaturation: (Equivalents/100 g) (By ICi titration, 2 ^ 

equivalents equal to 1 mole >C=C<). The subject matter which applicants regard as their 

Calculated 0.13. Found: 0.145. invention is particularly pomted out and distincUy 

clauned as follows: 

EXAMPLE 4 ^ suitable for coating a substrate which com- 

4S prises a cured film formed by treating with actinic radi- 

Toluene Diisocyanate Terminated Polyester End ation a lamina comprising a polythiol and a polyene 

n A>r* fiir*» rtf derived from a vinyl acetal. 

capped witn a Mixture oi An article of manufacture consisting of a substrate 

4-Hydroxymethyl-2-Vmyl-1.3-Dioxolane and coated on at least one surface witii a fihn derived by 

5-Hydroxy-2-Vinyl-m-Dioxane 50 treating with actinic radiation a lamina, coated on said 

surface, comprising a polythiol and a polyaae derived 

Following a procedure analogous to that of Example from a vinyl acetal. 

3. treat the toluene diisocyanate terminated polyethyl- 3- A metiiod for the preparation of an article manu- 

^ , ^ „ ... facture coated on at least one surface with a cured film 

ene adipate polyester prepared m that Example witii tiie ^^^^ ^ polytiiiol and a polyene derived from a 

product of Example 2 for 6.5 hours at 90** C. to give the vinyl acetal which comprises applying to at least one 

titie product The fmal NCO content was 0.31%. a substrate a lamina compriang a polythiol and 

. V a polyene denved from a vmyl acetal; and treating said 

Unsaturation: (IQ titration, eqwv./100 g). witii actinic radiation. 



Calculated: 0. 125. Found: 0. 145. eo 



65 



* * • • 
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